Brassica cover crops are new to the mid-Atlantic region, and limited information is available on their N uptake capabilities for eff ective N conservation. Forage radish (Raphanus sativus L. cv. Daikon), oilseed radish (Raphanus sativus L. cv. Adagio), and rape (Brassica napus L. cv. Dwarf Essex) were compared with rye (Secale cereale L. cv. Wheeler), a popular cover crop in the region, with regard to N uptake ability and potential to decrease N leaching at two sites in Maryland. Plants were harvested in fall and spring for dry matter and N analysis. Soil samples from 0 cm to 105 to 180 cm depth were obtained in fall and spring for NH 4 -N and NO 3 -N analyses. Ceramic cup tension lysimeters were installed at depths of 75 to 120 cm to monitor NO 3 -N in soil pore water. Averaged across 3 site-years, forage radish and rape shoots had greater dry matter production and captured more N in fall than rye shoots. Compared with a weedy fallow control, rape and rye caused similar decreases in soil NO 3 -N in fall and spring throughout the sampled profi le. Cover crops had no eff ect on soil NH 4 -N. During the spring on coarse textured soil, pore water NO 3 -N concentrations in freeze-killed Brassica (radish) plots were greater than in control and overwintering Brassica (rape) and rye plots. On fi ne textured soil, all cover crops provided a similar decrease in pore water NO 3 -N concentration compared with control. On coarse textured soils, freeze-killed Brassica cover crops should be followed by an early-planted spring main crop.
2006). Such declines with delayed planting dates are even more pronounced for the Brassicas than for rye (Kristensen and Th orupKristensen, 2004 ). Vos and Van Der Putten (1997) and Th orup- Kristensen (2001) suggest that Brassicas are likely to outperform rye only when planted early in the fall.
Dissolved NO 3 moves through the soil by mass fl ow unimpeded by cation exchange reactions and may quickly be transported beyond the rooting zone of plants. For the most eff ective N conservation, cover crops need extensive rooting systems that grow deep quickly (Meisinger et al., 1991; Sainju and Singh, 1997) . Nitrogen uptake from deep soil layers has a greater eff ect on decreasing leaching losses than N uptake from surface layers (Th orup- Kristensen, 2001 ; Th orup- Kristensen and Nielsen, 1998) . Vos and Van Der Putten (1998) concluded that the cereal rye rooting systems did not behave diff erently from those of the rape and oilseed radish root systems to a depth of 40 cm based on root length per unit area and aboveground dry matter. However, Kristensen and Th orup-Kristensen (2004) measured 15 N uptake of 6.2 and 0.1 mg N subplot −1 (0.9 × 0.8 m subplot) by forage radish and rye, respectively, at 1.1 m soil depth. Nitrate-N remaining in the top 1.0 m of the soil profi le was 11.9 and 32.2 kg ha −1 for forage radish and rye, respectively, and NO 3 -N remaining at the 1.0-to 2.5-m depth was 6.2 and 27.2 kg ha −1 for forage radish and rye, respectively, clearly indicating the eff ectiveness of forage radish to capture N from deep soil layers (Kristensen and Th orup-Kristensen, 2004) .
Th is study compares forage radish, oilseed radish, and rape to rye in relation to plant N uptake, depletion of soil profi le NO 3 -N, and maintenance of low soil pore water NO 3 -N. Th e cover crops were also compared with unweeded, fallow control plots, which represent the typical farmer practice where no cover crop is grown. Th is comparison allowed us to estimate soil profi le NO 3 -N depletion from November to May and changes in soil pore water NO 3 -N concentration in spring attributable to the various cover crops. Th e objective of this research was to evaluate the potential of the Brassica cover crops to capture excess soil N when planted in late summer in the mid-Atlantic region.
Materials and Methods
As part of a broad set of fi eld experiments designed to investigate environmental and agronomic eff ects of Brassica cover crops, N capture by several cover crops was studied at two fi eld sites in Maryland (Univ. of Maryland Central Maryland Research and Education Center at Beltsville facility [CMREC] and Wye Research and Education Center [WREC] ) from August 2003 through May 2005 (Fig. 1) . Randomized complete block was used for the experimental design.
Experiments CMREC1 and CMREC2
Th e soil at CMREC was a complex of two highly permeable sandy soils, Cedartown and Evesboro loamy sands, with Ap horizons averaging 65 mg clay g , 17 mg organic matter g −1 soil, and pH 6.5. In two blocks of the experimental design, the dominant soil was Evesboro loamy sand (mesic, coated Lamellic Quartzipsamment) with a clay content <60 mg g −1 to 120 cm depth. In the remaining two blocks, the dominant soil was Cedartown loamy sand (siliceous, mesic Psammentic Hapludult), which includes an argillic horizon at 80 to 120 cm containing 150 to 200 mg clay g −1
. Th e CMREC site is situated at 39.02°N, 76.53°W, with a moist continental climate (30-yr average mean annual precipitation, 1112 mm; mean annual temperature, 12.8°C). Figure 2 shows the normal and actual cumulative precipitation and monthly mean temperatures for CMREC over the course of the experiment.
Th e soil at CMREC was last plowed on 31 Mar. 1999 and was then put in a no-till corn (Zea mays L.)/winter wheat (Triticum aestivum L.)/double crop soybean (Glycine max (L.) Merr.) rotation until wheat harvest in July 2003. Neither animal manure nor cover crops were used on the site before this study. During this experiment, a corn/full-season soybean rotation was used. Although both years of the study were conducted in the same fi eld, the plots used for the study during fall 2003 to spring 2004 (CMREC1) were diff erent from the ones used in fall 2004 to spring 2005 (CMREC2) to avoid the possibility of residual eff ects of the previous year's cover crops and artifacts from the previous year's deep coring. For CMREC2, rye and rape were added to the cover crop treatments, thus providing the same treatments as at WREC.
On 13 Aug. 2003, forage radish (Raphanus sativus L. cv. Daikon) and oilseed radish (Raphanus sativus L. cv. Adagio) were no-till drilled (13 kg seed ha −1 ) into wheat stubble for CMREC1. Previous experience had shown that soluble N levels following moderately fertilized wheat or corn are so low in the surface horizons of very sandy soil that fall-planted nonleguminous cover crops typically have highly chlorotic, stunted shoots and fail to grow vigorous root systems. Th erefore, 56 kg ha −1 of N as (NH 4 ) 2 SO 4 was applied to all plots at time of cover crop planting to ensure adequate nutrition for normal plant growth and to make certain that ample N would be present to allow measurement of the cover crops' potential for N uptake. Cover crop plots were 3.7 by 9.1 m with 15-cm row spacing. Both cover crops freeze-killed during December 2003 through January 2004. Th e plots used for CMREC1 and CMREC2 were planted to glyphosate-resistant soybeans (cultivar NK S39-Q4; 155,000 seeds ha . Th e CM-REC2 plots were planted to corn (Pioneer 34B62; 65,000 seeds ha 
Experiments WREC1 and WREC2
Th e soil at WREC is a Mattapex silt loam (fi ne-silty, mixed, active, mesic Aquic Hapludult). Th e Ap soil horizon is characterized by 270 mg sand g sand textured coastal plain sediments were observed below 100 to 120 cm depth. Th e WREC site is situated at 39.03°N, 76.04°W, with a moist continental climate (30-yr average mean annual precipitation, 1103 mm; mean annual temperature, 13.3°C). Figure  2 shows the daily precipitation and average daily temperature for WREC over the course of the experiment. No-till management was practiced at WREC for this experiment and during the previous 5 yr with a corn (dent or sweet) and soybean rotation. Plots used from fall 2003 to spring 2004 (WREC1) had been subject to forage radish, oilseed radish, rape, rye, or no cover crop treatments since August 2001. In the second year, the study (WREC2) was conducted on adjacent land that had not had cover crops during the previous 25 yr. No diff erences in soil profi le characteristics were observed between WREC1 and WREC2. Treatment plot dimensions and row spacing were the same as at CMREC.
On the WREC1 plots, sweet corn (cv. 'Incredible') was Forage radish, rye, and rape (seeding rates: 14, 126, and 10 kg ha 
Field Sampling
Plant and soil samples were taken from random locations at least 1 m from the edge of the plot. Plants were sampled by block over several days in early October and November and in April through May of each year. Th ree 0.25-m 2 quadrats of plant material were harvested in each plot, and the dry weight of these samples was determined after drying. During the second study year, two 0.25-m 2 quadrats of plant tissues were sampled from each plot, and the fresh weight of the harvested quadrat was measured. Subsamples were removed for analysis of water and nitrogen contents. Plant shoots were harvested for all treatments. For the Brassicas, which have large fl eshy taproots, root material was sampled to approximately 15 cm depth by pulling up the whole plant and washing the roots free of soil. Plant dry matter measurements were used in conjunction with N analysis to determine plant N uptake (Eq. [1]): N uptake (kg ha
where DM is plant dry matter (kg ha −1 ), and N is N content (kg kg −1 ). After collection, plants were dried at 65°C and ground to pass a 1-mm sieve.
Soil was sampled to depths of 105 to 180 cm depending on site conditions using a fully enclosed, drop hammer-driven Veihmeyer corer (Devera et al., 1980; Veihmeyer, 1929) . Seasonal perched water tables, precipitation, and equipment capabilities limited the depth of coring and the number of cores possible to collect per day. Cores were placed in 4-cm-diameter PVC troughs for examination and divided into 15-cm sections. Th ree soil cores were taken in each plot and homogenized to represent the plot. Soil samples were taken on the same dates as plant samples for each plot. Soil bulk density was calculated for each 15 cm of core (Eq. [2]).
Bulk density (g cm
where M is the dry mass of sample in grams, r is the radius of the cutting tip, and l is the length of the sample (15 cm). Bulk density values for soil samples deeper than 30 cm were averaged over the sampling period for each location in 30-cm increments (30-60, 60-90, 90-120, 120-150, and 150-180 cm) . Bulk density for CMREC was averaged over 2 yr. For WREC1 and WREC2, bulk density was averaged separately due to variation in bulk density between the two locations. Due to the mutability of surface horizons by freeze-thaw cycles and traffi c, surface soil samples (0-15, 15-30 cm) were not averaged over years, and the bulk density for the individual sampling date was used for calculations. Tension lysimeters (1.9 cm diameter) with 100-kPa ceramic tips were installed in plots at both sites in February-March 2004 (one per plot) and February-March 2005 (two per plot) to monitor pore water NO 3 − -N concentration. Lysimeters were sampled weekly until May of each year, when they were removed to allow planting of the summer crop. Nutrient leaching was assumed to be minimal when cover crops were alive in fall and early winter; therefore, lysimeters were not installed until later in winter after the radish cover crops died and began to release nutrients. Lysimeters were installed to 75 cm depth at WREC1 and 90 cm at CMREC1 during February 2004. In February 2005, lysimeters were installed to 90 cm depth at WREC2 and 120 cm at CMREC2. To collect each sample, an 80-to 90-kPa vacuum was applied to the lysimeter with a hand pump, and pore water was collected over a 24-to 48-h period.
Laboratory Analyses
Nitrogen analyses were performed on plant, soil, and pore water samples. Nitrate-N and NH 4 -N were extracted from soil using 0.5 mol L −1 K 2 SO 4 (1:10 dilution). A copperized cadmium reduc-tion column in a fl ow-injection autoanalyzer (Technicon Autoanalyzer II; Technicon Industrial Systems, Tarrytown, NY) was used for NO 3 -N analysis (Technicon Industrial Systems, 1977) of soils. Ammonium-N was determined using an ammonia gas-selective electrode (Orion EA940; Th ermo Electron, Waltham, MA) after addition of ionic strength adjusting solution that raised the pH to 13 (Banwart et al., 1972) . Plant total nitrogen was analyzed using a combustion analyzer (CHN 2000; LECO, St. Joseph, MI) for samples (ground to pass 1-mm sieve). Soil pore water was analyzed for NO 3 -N colorimetrically (Cataldo et al., 1975) .
Statistical Analyses
Th e experiments at both sites used a randomized complete block design with four replications. Analysis of variance was calculated by SAS Proc Mixed (SAS Institute, 2005) for N in a given 15-cm increment of the soil profi le, for the sum of all N in the sampled (0-105+ cm) profi le, for pore water N on a given sample date, for plant dry matter, for plant tissue N concentration, and for plant N uptake. Block eff ects were treated as random variables, whereas cover crop treatments were considered fi xed eff ects. Pore water N across sampling dates was analyzed using repeated measures ANOVA with time as the repeated variable using SAS Proc Mixed. Fisher's LSD with Tukey adjustment and orthogonal contrasts were performed to compare cover crops with one another and with the control. A p level <0.10 was considered signifi cant because available time and equipment limited the number of deep soil cores obtainable to three per plot and because the consequences of a type II error were considered to be more serious than those of a type I error,
Results

Cover Crop Dry Matter and Nitrogen Uptake
Cover crop aboveground dry matter was similar among species at each site for each fall season (Table 1) , except shoot dry matter, which was signifi cantly lower for rye than for the Brassicas (orthogonal contrast, p < 0.1) in fall during the second year of the study. Among the Brassicas, forage radish had the greatest root dry matter. Only the large fl eshy roots in the upper 15 cm of soil were measured. Th e dry matter ratio of the shoot to that of the fl eshy root varied among and within Brassica cover crops and ranged from approximately 5:1 to 1:1. Approximately 10 to 50% of the forage radish fl eshy root tissue was located above the soil surface (data not shown). Root and shoot tissues were easily distinguishable from one another by morphology and color. Root dry matter was not determined for rye.
Rape and rye shoot dry matter in spring did not diff er signifi cantly for any individual site-year ( more than three times as great in forage radish than in rape. As measured in spring, shoot N uptake was similar for rape and rye within each site (Table 2) . Sampled rape root tissue captured 20.5 kg N ha −1 in spring 2005. Few diff erences between Brassicas and rye in dry matter production, N concentration, and N uptake were statistically signifi cant within each individual site-year of the study. However, when these variables were averaged and compared across the 3 site-years in which Brassicas and rye were grown, forage radish and rape shoots had greater dry matter production and captured more N than rye shoots in fall (Table 3) , with forage radish and rape shoots producing 41% greater dry matter and capturing 46% more N than rye in fall. In spring, averaged over the same three site-years, rye had slightly more dry matter, but rape tissues had signifi cantly higher N concentrations and therefore surpassed rye in total N uptake (Table 3) .
Cover Crop Infl uence on Soil Mineral Nitrogen
Cover crops had no eff ect on extractable NH 4 -N in the soil profi le during the course of the experiment, with the exception of fall at WREC2, when rye plots had 77.4 kg ha −1 NH 4 -N compared with the Brassica and control plots (86.4-94.8 kg ha Cover crop treatments signifi cantly reduced soil profi le NO 3 -N in fall ( Fig. 3 and 4) compared with control plots, with signifi cant eff ects in several depth increments to 1.0 m depth. Cover crops apparently took up nearly all the nitrate from the profi le, whereas in the control plots large amounts of nitrate had moved down to between 60 and 90 cm in the profi le. Th is bulge of nitrate was most pronounced in the sandy soil (CMREC). In fall 2003, two nitrate bulges were found in the profi le at CMREC, the fi rst peaking at approximately 100 cm and the second at approximately 180 cm. In the control plots, the fi rst nitrate bulge extended between 60 and 120 cm and contained a total of 55 kg ha −1 of NO 3 -N, almost matching the amount of N applied as fertilizer in August 2003 and demonstrating how great the leaching potential is of this sandy soil. Th e second bulge, extending from 165 cm downward, was most likely comprised of N still moving downward from fertilizer applied to wheat the previous spring (Fig. 3) . By spring in 3 of 4 site-years, soil NO 3 -N in the upper profi le (0-60 cm) had increased in control, forage, and oilseed radish plots, and plant uptake by rape and rye continued to maintain low soil profi le NO 3 -N ( Fig. 3 and 4) .
Brassica and rye cover crop plots contained signifi cantly less soil NO 3 -N than did control plots at CMREC (Fig. 3 and 4) . In fall, radishes were able to take up more N and deplete the soil profi le of NO 3 -N more effi ciently than rape and rye. As the radishes decomposed, mineral N was released into the surface soil (0-60 cm) during the spring, where it could be available for the following crops. Rape and rye continued to capture and store N throughout the spring. Control plots lost N from the soil profi le throughout fall and spring, presumably by leaching.
Nitrate in Soil Pore Water
Nitrate in soil pore water sampled from cover crop plots varied between sampling years at CMREC, but low concentrations were maintained throughout each spring at WREC. In spring 2004, NO 3 -N concentrations in subsoil pore water samples were low (<2 mg L −1 ) and were unaff ected by crop treatments at either site (Fig. 5) . In spring 2005, subsoil pore water NO 3 -N concentrations at CMREC2 were markedly aff ected by the cover crop treatments (Fig. 5) . At CMREC2, when pore water sampling began on 5 Feb. 2005, pore water NO 3 -N in all the cover crop plots was signifi cantly lower than in the control plots. Th ereafter, pore water NO 3 -N in the CMREC2 control plots followed a declining trend, whereas that in the forage radish plots increased during March and April. In the rape and rye plots, pore water NO 3 -N was low (0.06-0.25 mg L −1 ) for all sample dates. Th e spring 2005 pore water NO 3 -N levels at WREC2 were similar to those at CMREC2 except that the levels in the forage radish plots were not increasing and averaged 0.602 mg L −1 throughout the sampling period. Rape and rye plots at WREC2 averaged 0.052 mg L −1 of pore water NO 3 -N, whereas that in the control plots was much higher, averaging 3.94 mg L −1 .
Discussion
Cover crop growth cycles were inextricably coupled to N cycling in the soil. As expected, crops that did not die in winter continued to capture NO 3 -N from soil. Th e crops that died in winter decomposed and released N back into the soil. Following mowed soybeans, the cover crops captured larger amounts of N from the soil. Th e increased spring soil NO 3 -N concentrations in radish plots were more pronounced and deeper in the profi le in the second year than in the fi rst year (Fig. 3) . Th e mean temperature in January was 3°C warmer in 2005 than in 2004, probably increasing the rate of mineralization of the large supply of tissue and soil organic matter N. Th e higher January precipitation in 2005 (8.5 and 9.1 cm at WREC2 and CMREC2, respectively) would have increased the percolation rate and leaching of N compared with January 2004 (4.1 and 3.4 cm precipitation at WREC2 and CMREC2, respectively). Th e early appearance of NO 3 -N in the surface soil of radish plots could be an agronomic advantage by providing early N fertility for spring-planted main crops. A soil profi le depletion of available N by winter cover crops can be a problem for the N nutrition of the following main crops-a process termed "preemptive competition "by Th orup- Kristensen et al. (2003) .
Overwintering nonlegume cover crops, such as rye, can also reduce N availability to the following crop by microbial immobilization if termination occurs when their C/N ratio has increased above 30/1. However, on highly permeable, sandy soils, early N release from cover crop tissue may be problematic from an environmental standpoint. Th e data from spring 2005 show that on the sandy soil at CMREC2, NO 3 -N concentrations in 120-cm-deep pore water increased dramatically in forage radish and control plots by early April. It is likely that much of this NO 3 -N would have been lost to leaching from this soil before the roots of even an early-planted main crop could capture it. Weinert et al. (2002) noted a similar early N release from a freeze-killed mustard cover crop on sandy soils.
Tissue N concentrations were similar among the cover crops and between sites within each year. Th is is in agreement with Lainé et al. (1993) and Th orup- Kristensen (2001) , who reported similar shoot tissue N concentrations for Brassicas and rye. However, tissue N concentrations for all covers were quite different between the 2 yr of our study. Th e high N environment induced by applying green soybean residues in 2004 resulted in much higher cover crop shoot N concentrations in that year (31-39 mg g −1 ) than in the fi rst year (18-22 mg g −1 ) in which the covers were planted into relatively high C/N ratio corn residues. Although rye roots were not sampled in this study, in a follow-up study now underway (Guihua Chen and Ray Weil, personal communications, June 2008) biomass (to 15 cm depth) for rye roots was similar, and N concentrations (12.3 ± 0.24 mg g −1 ) were only slightly lower than for forage radish roots (15.4 ± 0.54 mg g −1
) and rape roots (14.8 ± 0.38 mg g −1 ) grown under the same conditions. In this study, rape roots (to approximately 15 cm depth) ranged from 22 to 30% of total shoot+root dry matter, a value comparable to the 24 to 29% reported by Lucas (2004) for rye roots measured just before cover crop termination in spring. Th erefore, we believe it is likely that roots of rape and rye in our study contained similar amounts of N. Forage and oilseed radishes were much more variable in dry matter partitioning, with 23 to 62% of total dry matter as roots, which may in part be due to the highly variable size of the fl eshy taproot of the radishes. Th e Brassicas exhibited considerable fl exibility in growth and the potential to take up large quantities of soil N in fall. Th e N uptake capabilities were especially evident in the Nrich soil environment following soybeans. Th orup- Kristensen (1993) also noted that N uptake by cover crops increased with increasing amounts of soil mineral N. Th is result is in contrast to the data of Schroder et al. (1996) , who reported that the mass of N captured by rye shoots was related to fall temperatures but not to N availability.
We speculate that microbial immobilization of N stimulated by the presence of high C/N corn stover and wheat stubble combined with relatively low precipitation in spring 2004 caused the soil pore water to be lower in nitrate N in spring 2004 than in spring 2005. Likewise, spring soil mineral N measurements suggest that very little net mineralization of plant tissue N occurred between fall 2003 and spring 2004 at CMREC1 compared with the control plots, possibly due to microbial immobilization in conjunction with corn residue decomposition and low precipitation. Soil pore water data confi rm that little NO 3 -N was present in subsoil pore water during spring 2004, which is a marked contrast to pore water collected during spring 2005 at CMREC2 (Fig. 5) .
Changes in mineral N in the fi ner textured soil at WREC2 diff ered from those at CMREC2. Finer textured soils are able to retain a greater amount of N than coarse soils like those at CMREC, as also observed by Beaudoin et al. (2005) in France. Elevated NO 3 -N concentrations in pore water were not evident for the WREC forage radish plots, and soil NO 3 -N amounts found in the upper 120 cm of the soil profi le were consistent over the study year, although the location of highest concentration changed from fall to spring (Fig. 4) . Increases in mineral N in the CMREC2 radish plots from fall to spring corresponded to approximately 64% of the N uptake of radish in fall. Increases in soil N in WREC2 radish plots were lower than in CMREC2 plots and corresponded to only 5% of the forage radish uptake at the time of spring sampling.
As compared with winter fallow, the Brassica cover crops and rye demonstrated signifi cant potential for decreasing the quantities of NO 3 -N lost from plant-soil ecosystems by leaching. However, certain species may be suitable only for specifi c sites and crop rotations. Rape and rye continue to capture and retain soil N into the spring and would be appropriate to use on coarse-and fi ne-textured soils with main crops planted in May or June. However, the release of N from decomposing forage and oilseed radish tissues in spring may cause high NO 3 -N concentration in the subsoil pore water of very coarse textured soils (Fig. 5) . In sandy soils, pore water N concentrations may be >10 mg NO 3 -N L −1 as biological activity increases with warming spring weather and precipitation washes N deeper into the soil. Th erefore, we recommend that an early-planted, N-demanding crop should be used after the freeze-killed radish cover crops on coarse textured soils.
Conclusions
All cover crops examined in this study decreased soil mineral N losses compared with winter weed control plots by storage of N in plant tissues throughout the fall and early winter. Plant N uptake by the Brassicas was greater than or equal to rye during fall, and average rape N uptake surpassed rye N uptake during spring. In early spring on the highly permeable sandy soil, subsoil pore water in radish plots was higher in NO 3 -N than in the rape or rye plots, most likely because the radish was freeze-killed and was decomposing while the rape and rye were growing and taking up N.
Additional research is needed to determine the optimal agronomic management of these new cover crops in various types of cropping systems in the region. One of the agronomic limitations for the Brassica cover crops is the need for early planting. Farmers in the mid-Atlantic region have successfully planted Brassica cover crops after harvest of such crops as corn silage, small grains, and sweet corn. For use in the widespread corn grain-soybean rotations, more risky broadcast seeding into standing crop canopies may be an option.
Th e choice of cover crop should take into consideration the timing of N release in relation to the N demands of the subsequent crop and the impact of soil texture on the susceptibility of NO 3 -N to leaching in fall and spring. Th e forage radish, a brassicaceous cover crop that freeze-kills in the mid-Atlantic region, releases N from plant tissues early in spring. Although this early N availability may provide an agronomic advantage for the summer crop, signifi cant amounts of NO 3 -N may be lost to leaching if a main crop is not planted early enough to recapture this N. Early planting of a subsequent summer crop is especially important to minimize spring leaching losses in coarse-textured, well-to excessively drained soils. Rape, which continues to capture soil NO 3 -N until terminated in spring, may be a more appropriate choice of cover crop on coarse-textured soils when the summer crop will not be planted until late spring.
